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PREFACE 

This document has  been prepared under the direct ion of the Office of Resea rch  
and Advanced Development of the Jet  Propuls ion Labora tory ,  California Institute of 
Technology, Pasadena,  California. 

The Semiannual Review of Research  and Advanced Development is published in  
three volumes directed to the appropriate NASA funding offices: 

Volume I Supporting Resea rch  and Technology 
for  the Office of Space Sciences 
and Applications 

Volume I1 Supporting Resea rch  and Technology 
for the Office of Advanced Resea rch  
and Technology 

Volume I11 Supporting Resea rch  and Technology 
for the Office of Tracking and Data 
Acquisition (New Sys tems and 
Spacecraft  Subsys terns) 

This issue repor t s  p rogres s  f o r  the period of January  1 to June 30, 1967, 
F i sca l  Y e a r  1967. Preceding i ssues  w e r e  published a s  follows: 

Calendar period JPL Technical 
F i sca l  yea r  covered Memorandum No. Publication date  

1965 January 1 to 
June 30, 1965 

33-243 August 15, 1965 

1966 July 1 to 33-272 January  31, 1966 
December 31, 1965 

1966 January  1 to 
June 30, 1966 

33-296 July 31, 1966 

1967 July 1 to 33-322 January  31, 1967 
December 3 1 ,  1966 
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INTRODUCTION 

This  volume contains a review of all supporting r e s e a r c h  and technology in 
p r o g r e s s  at the J e t  Propulsion Laboratory during the period January  1 to  June 30, 
1967, under  the direction of the J P L  Office of Research  and Advanced Development, 
f o r  the NASA Office of Tracking and Data Acquisition (New Sys tems and Spacecraft  
Sub s y s  tern s ). 

The work units a r e  a r r anged  in  numer ica l  sequence by NASA code in each sub- 
j ec t  section. 
appropr ia te  subject heading. 

To locate a des i red  unit, r e f e r  t o  the Table of Contents under  the 

JPL resea rch  and advanced development resu l t s  published a s  J P L  documents 
and in the open l i t e r a tu re  during this  repor t  period a r e  l is ted under  each work unit. 

vii 
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TRACKING AND DATA ACQUlSiTlON (150-22) 

R F  TECHNIQUES ENGINEENNG 
NASA Work Unit 1 5 0- 22- 1 1 - 07- 5 5 

J P L  350- 10700- 1 - 3330 
C. T. Stelzried 

OBJECTIVE 

The objectives of this task  a r e  to provide prac t ica l  fieldworthy techniques for  
prec is ion  attenuation, impedance, and power measurement  calibrations.  In par t ,  
these  cons is t  of (1)  the ground receiving sys t em antenna R F  hardware  cal ibrat ions 
required f o r  accu ra t e  evaluation and ( 2 )  absolute receiving sensit ivity,  antenna 
pointing accuracy ,  and absolute received power level calibrations.  These cal ibra-  
t ions a r e  necessa ry  to  maintain and extend the DSIF receive capabili t ies to  known 
sensit ivity and to  es tabl ish spacecraft  performance.  This i s  especially important  
in  o r d e r  t o  reduce the tolerances of the overal l  communications system. 

The objective consis ts  fur ther  in the application of these  techniques to space- 
c r a f t  R F  hardware.  
reduce, stabil ize,  and ca l ibra te  t ransmiss ion  l ine lo s ses  and other  pa rame te r s .  

It i s  des i rab le  to apply these  methods t o  spacecraf t  sys tems to 

X- BAND NOISE TEMPERATURE CALIBRATIONS 

A program is present ly  under  way to  evaluate the DSIF antennas at f requencies  
above the standard S-band communication frequency. 
assembled  (Fig.  1 )  and i s  adaptable to the Goldstone 85-ft Venus Station and the 
210-ft M a r s  Station antennas. To date, the X-band has  been tes ted on the ground at 
J P L  and on the Venus Station at Goldstone (Fig. 2). Exper imenta l  techniques, data 
reduction methods, and resu l t s  have been presented  ( J P L  SPS 37-44, Vol. 111, 
pp. 21-85). 

An X-band R F  cone was 

The  total  system tempera ture  of this cone on the antenna i s  about 38°K. 
Considerable attention has  been given not only to  overal l  sys tem noise tempera ture  
but a l s o  to  calibration of the antenna noise tempera ture ,  which requi res  the use  of 
cryogenically cooled terminations.  
the absolute antenna noise tempera ture  cal ibrat ions will ult imately not only improve 
the es t imates  of a tmospheric  noise and antenna back-lobe contributions but will a l s o  
provide a n  independent measurement  of the cosmic  background radiation (Ref. 1 ). 
These  measurements  will provide a lower l imit  on the obtainable receiving sys tem 
noise temperature .  

It i s  expected that continued improvements  of 

TOTAL SYSTEM NOISE TEMPERATURE CALIBRATION 

One of the important pa rame te r s  f o r  the sensit ivity of a rece iver  sys t em i s  
the overal l  equivalent noise temperature .  The multifrequency cones of the Venus 
Station 85-ft antenna and the Mars  Station 21 0-ft antenna have both been equipped 
with the same  type of noise temperature  instrumentation. 
( J P L  SPS 37-42, Vol. 111, p. 25)  a r e  performed with Y-factor  power rat io  measure-  
ments  between a n  ambient waveguide terminat ion and the antenna. 

Daily measu remen t s  

It is shown and 
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demonstrated that  this technique provides  a v e r y  rel iable  method f o r  overal l  sys t em 
t empera tu re  measurements .  The overal l  averages  f o r  the daily noise t empera tu res  
fo r  the period October 20, 1966, t o  Februa ry  9, 1967, a r e  shown in  Table  1. Addi- 
tional sys t em noise tempera ture  data h a s  been reported pertaining to  the operation 
of the M a r s  Station 21 0-ft antenna during the Mar ine r  IV super ior  conjunction (Ref. 2).  

THERMALLY ISOLATED MICROWAVE TRANSMISSION LINES 

Spacecraft  onboard communication sys t ems  requi re  microwave t r ansmiss ion  
l ines  with high reliability, low loss ,  and light weight. Microwave t r ansmiss ion  l ines  
that  provide the rma l  isolation a r e  used in the construct ion of t he rma l  cal ibrat ion 
terminat ions ("cold loads"). 
cal ibrat ion instrumentation fo r  low noise receiving sys tems.  
t ransmiss ion  l ines  a r e  usually fabr icated f r o m  thin wall s ta inless  s teel .  Copper plating 
i s  used to  reduce the microwave inser t ion loss.  

These the rma l  terminat ions provide noise t empera tu re  
The thermally isolated 

A lightweight, thermally isolated low los s  waveguide section h a s  been fabri-  
cated with plastic. 
section fabricated by hand-wrapping f iberglass  tape to  the des i red  thickness on a 
s tee l  mandre l  and impregnating it with liquid plastic. The measured  microwave 
dissipative l o s s  of this par t icu lar  section at 8448 MHz was 0. 0196 dB. 
good agreement  with a l o s s  of 0. 0258 dB measured  f o r  a solid aluminum waveguide 
of the s a m e  length, fabricated by EDM (e lec t r ic  d i scharge  method) i f  account i s  
taken f o r  sur face  roughness. 

Figure 3 shows a photograph of an  H-band plastic waveguide t e s t  

This i s  in 

The p r i m a r y  advantage of the plastic waveguide fabrication technique over  con- 
ventional s ta in less  steel  sections i s  reduced cos t  and fabrication t ime. 
wall s ta inless  s teel  waveguides requi re  a factory mi l l  run that  entails  long lead t ime 
and u s e r  s torage problems. 
total  weight than conventional s ta inless  s teel  sections. 

Special  thin 

The plastic section a l s o  h a s  higher  rigidity and l e s s  

The p r i m a r y  disadvantages a r e  the dimensional instabil i ty caused by the higher  
coefficient of expansion of the ma te r i a l  and the thin conductive coating on the flanges. 
The flanges cannot be lapped due to  the thin meta l  covering. 

REFERENCES 

1. Dicke, R H. ,  Peebles ,  P. J. E . ,  Roll, P. G . ,  and Wilkinson, D. T. , 
! 'Cosmic Black-Body Radiation, Astrophys. J., Vol. 142, NO. 1, pp. 414- 
419, July 1, 1965. 

2. Brown, D. W . ,  Stelzried,  C. T . ,  and Bathker,  D. A . ,  "System Tempera-  
tu re ,  J P L  T R  32- 1092, The Superior  Conjunction of Mar iner  IV, R. M. 
Goldstein, e t  al. , Apri l  1, 1967. 

PUBLICATIONS DURING REPORT PERIOD 

Open L i t e ra tu re  

1. Stelzried,  C. T . ,  and Reid, M. S . ,  IIPrecision Power  Measurements  of 
Spacecraft  CW Signal Level with Microwave Noise Standards,  I '  IEEE Trans .  
Instrum. and Measur . ,  Vol. IM-15, No. 4, pp. 318-324, December 1966. 
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Table 1. 

DSS 

Venus 

M a r s  

JPL Technical Me,morandum 33- 353, Vol. 111 

Summary of the sys tem t empera tu re  and m a s e r  gain ave rages  
and measurement  d ispers ions  

Frequency, 

M H z  

2388. 0 

8448. 0 

2388. 0 

2297. 6 

System tempera ture ,  

K 
0 

22. 9 *3. (pei)D 
*O. 13(peID 

33 data points 

17 data points 

15 data points 

*2. 5 (pei)D 28. 1 
*o. 15(peID 

1 9  data points 

6 

M a s e r  gain, d B  

fO. 5 4 ( ~ e ~ ) ~  

*O. 07(peID 
39. 8 

50 data points 

23 data points 

*O. 0 8 ( ~ e ) ~  

28 data points 

*o. 1 7(peiID 40. 6 
*O. 0 3 ( ~ e ) ~  

30 data points 
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F i g .  1. X-band cone in te r ior  
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Fig. 2. X-band cone on 85-ft Venus Station antenna 

F i g .  3. W R  112 plastic waveguide section 
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COMMUNICATIONS SYSTEMS DEVELOPMENT 
NASA Work Unit 150- 22- 11- 08-55 

Robe rt C. Tauswo r the 
J P L  350-10800-X-3310 

OB J E C TI VE 

The objective of this  effort  i s  the development of techniques needed f o r  future  
DSN tracking and communications capability. Methods a r e  sought to  provide 
improved tracking and data acquisition, be t te r  ranging subsystems operable  below 
p resen t  DSIF ranging thresholds ,  accura te  solutions to  problems a r i s ing  in  deep 
space communication and data acquisition sys tems,  and improved te lemet ry  
sys t ems  operating at higher  r a t e s  than present ly  available. 

PROGRESS 

Phase  Tracking Research  

A cycle-slipping simulation of a phase-locked loop was implemented on a n  
SDS 930 computer;  the resu l t s  verify a theore t ica l  model with high accuracy.  
probabili ty of the mean t ime to  first slip ve ry  closely approximated a gamma density. 
The sample-data  loops in  the Mar iner  RBD ranging sys tem have been analyzed 
theoretically,  and the implementation a g r e e s  with theoret ical  resu l t s .  
curves  showing the t ransformation of phase-locked rece iver  design points appea r s  
in J P L  SPS 37-46, Vol. 111. 

The 

A set of 

Ranging Systems Development 

An R&D ranging sys tem f o r  Mar iner  V has  been constructed,  tes ted,  and 
operated on the Lunar  Orbi te r  B spacecraft .  This  sys t em is a n  improvement  over  
the DSN Mark I system, as it i s  capable of ranging spacecraf t  out to  planetary dis- 
tances.  The difference i s  mainly involved with the code-tracking loop, which allows 
very  na r row bandwidths to  be achieved through the use  of a digital  computer  as  
sys tem cont ro l le r  and signal processor .  
began in  la te  June of CY 1967. 
hardware  and software will continue a s  experience with the sys t em i s  obtained. 

Actual ranging of the Mar iner  spacecraf t  
As it i s  a n  experimental  system, refinements in  

Sequential Decoding Research  

A p r o g r a m  is  being developed f o r  the SDS 930 computer  which will accommo- 
date r a t e s  up to 2 kbits/s at almostnegligible e r r o r  probabili t ies.  There  a r e  still 
many t radeoffs  and evaluations to  be made, mainly in the a r e a s  of efficient syn- 
chronization and data handling. However, it now appea r s  that  sequential decoding 
i s  an  outstanding method fo r  obtaining extremely reliable data a t  data r a t e s  below 
3 kbits/s. 
when data compression o r  o ther  nonredundant data schemes  come into existence.  

In par t icu lar ,  sequential decoding i s  envisioned a s  the sys tem necessa ry  

Block- coded te lemet ry  and noisy- re ference  detection have been moved t o  
NASA Work Unit 125- 21 - 02- 03, "Coding and Synchronization Studies. Time 
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synchronization by moon-bounce r a d a r  has  been delegated to  NASA Work Unit 
311-03-53-3310, "DSN Telemet ry  Demodulation Engineering, and mission-  
independent te lemet ry  to  NASA Work Unit 15 0- 22- 12 -  04- 33, "Information Systems. I f  

PLANS 

In F Y  1968, it i s  planned to  implement  the sequential  decoding scheme into a 
workable communications sys t em to  demonstrate  efficient data synchronization at 
very  low e r r o r  probabili t ies.  

As a continuing p a r t  of the phase-locked loop r e sea rch ,  charac te r iza t ion  of the 
Volume accuracy  with which a loop i s  able  to  t r ack  a noisy osc i l la tor  will be made. 

I1 of J P L  TR 32-819, Theory and P rac t i ca l  Design of Phase-Locked Receivers ,wil l  
be completed. 
tion, cycle  slipping, and fa l se  lock. 

This  volume will be concerned with data and s u b c a r r i e r  demodula- 

Ranging of the Mar iner  V spacecraf t  and validation of the tracking data will 
continue until encounter (mid- October) and probably extend throughout the useful 
l ife of the spacecraft .  

PUBLICATIONS DURING REPORT PERIOD 

P a p e r s  P resen ted  a t  Symposia 

1. Tausworthe,  R. C. , "Ranging the 1967 Mar iner  to  Venus, 1967 IEEE 
National Convention, Hilton Hotel, New York City, March  1967. 

2. Lindsey, W. C . ,  and Tausworthe,  R. C . ,  "A Survey of Phase-Locked Loop 
Theory, 1967 International Comm. Conf. , Minneapolis, Minn. , June 12- 15, 
196  7. 

Open L i t e ra tu re  

1. Tausworthe,  R. C. , "Cycle-Slipping in  Phase-Locked Loops, IEEE 
Trans .  Commun. Technol., Vol. 15-3, June 1967. 

2. Tausworthe,  R. C . ,  "A Method f o r  Calculating Phase- locked Loop P e r f o r -  
mance n e a r  Threshold, IEEE Trans.  Commun. Technol. ,  Vol. 15-4. 

3. Tausworthe,  R. C. , "Ranging the 1967 Mar iner  to  Venus, Proceedings of 
1967 IEEE National Convention, 

4. Tausworthe,  R. C. , "Coherent Receiving Systems,  Chapter IV in Deep 
Space Telemetry and Command Systems,  by E. Rechtin, et. a l . ,  to  be pub- 
l ished by McGraw-Hill. 

J P L  SPS Ar t ic les  

1. Viterbi,  A. J . ,  '!The Effect of F i l te r ing  and Quantization on a Coded PSK 
.b -e* 

Communication System, ' 1  SPS 37-45, Vol. IV. 

.I. -0 

Consultant, UCLA Engineering Dept. , P O  DH- 36631 5. 
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2. Tausworthe, R. , "Phase Locked Receivers:  Specification of P a r a m e t e r s  at 
a n  Arb i t r a ry  Design Point, ' I  SPS 3 7 - 4 5 ,  Vol. III. 

3. Gray, R. , "Analysis of the Tracking Loop of the Mar ine r  V Ranging System, 
SPS 3 7 - 4 6 ,  Vol. 111. 

4. Tausworthe,  R. C. , "Tes ts  on the Mar ine r  V Ranging System, SPS 3 7 - 4 6 ,  
Vol. 111. 

ANTICIPATED PUBLICATIONS 

None. 
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INFORMATION PROCESSING 
NASA Work Unit 150- 22- 1 1  - 09- 55 

Eugene R Rodemich 
J P L  350-10900-X-3310 

OBJECTIVE 

The objective of this  continuing work unit is to  use  mathematical  and s ta t is t ical  
reasoning to discover  methods f o r  efficient and e r r o r - f r e e  communication within the 
DSN. These  techniques a r e  pushed to the  point a t  which they can  be picked up by 
companion Advanced Engineering work units ( "Er ro r -  F r e e  Data Transmiss ion ,  I t  

NASA Work Unit 150- 22- 15- 1 1 -  33; "Data  Compression Engineering, ' I  NASA Work 
Unit 150-22-15-14-33). 

PROGRESS 

During the second half of F Y  1967, the synchronization of ex t remely  weak 
binary signals was studied f o r  possible use  in  a mission-independent te lemet ry  
sys t em (A-1). This  work was reported on at a professional  society meeting (B-1). 

A new v e r y  s imple a r i thmet ic  decoding procedure fo r  cer ta in  cyclic codes was 
found (A- 2). 
Mar ine r  196  7 high- speed data lines. 

This  procedure general izes  the e r ro r - co r rec t ion  method used in the 

A method was discovered (A-3) t o  extend algebraic  decoding procedures  so 
that m o r e  e r r o r s  can be cor rec ted  than can be cor rec ted  using e a r l i e r  procedures .  

A method of calculating the output of a l imi t e r  when the input i s  both phase and 
amplitude modulated was found (A-4). The method i s  being used to  find the output 
of a phase-locked loop when the input i s  a narrow-band Gaussian p rocess ,  s o  that 
the Mar ine r  IV so la r  corona occultation experiment can  be properly in te rpre ted  
under  NASA Work Unit 125-21- 01- 01-55, I1Propagation Studies. 
reported on at a professional society meeting (B- 2). 

This  work was 

A new method was found for  computing the der ivat ives  of a band limited 
function (A-5). 
NASA Work Unit 150-22-11-10-33, "Astrometr ics .  

This  method is  useful in  obtaining r a d a r  br ightness  maps  under  

A paper  was accepted showing that the use  of e r ro r - co r rec t ing  codes with bit- 
by-bit detection ( a s  opposed to correlat ion detection) i s  not indicated on the Gaussian 
channel if the goal i s  low threshold (C-1 ). 

PLANS 

During F Y  1968, a final recommendation will be made to  the DSN as  to  what 
f o r m  a s tandard DSN cor re l a to r  should take. A final r epor t  on the Teletype Coding 

~~ 

Numbers  in  parentheses  1 r e f e r  to  publications l is ted at the end of th i s  work unit. 
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Pro jec t  will be written, incorporating both the theoret ical  work done under  this work 
unit and experimental  work done under  the companion work unit, " E r r o r - F r e e  Data 
Transmission.  1 1  

range-gating by using sequences other  than P N  sequences. In par t icu lar ,  the possi-  
bility of correlat ing with a sequence different  f r o m  the one sent  will be investigated. 
The per formance  of var ious synchronization methods f o r  weak binary signals will 
be compared with the optimum per formance  which will be determined.  

Work will be done on the possibil i ty of improving ranging and 

C ON T RAC T 

Work was done by a contractor ,  the University of Southern California, E lec-  
trical Engineering Department, under J P L  P O  951 076. The cont rac t  was  extended 
five months in January 1967, to  te rmina te  June  1967. 
being asked to  propose on what would be a new cont rac t  s tar t ing September  1, 1967 
( P R  472971). 
of importance in  space communication (D- 1 and D- 2). 

The s a m e  subcontractor  i s  

The subcontractor works on combinatorial  and a lgebra ic  problems 

PUBLICATIONS DURING REPORT PERIOD 

A. 

1. 

2. 

3. 

4. 

5. 

B. 

1. 

2. 

C. 

1. 

J P L  SPS Articles 

Eisenberger ,  I . ,  and Posner ,  E. C . ,  "Synchronization of Ext remely  Weak 
Binary Signals," SPS 37-43, Vol. IV, pp. 327-330. 

Solomon, G. , IlArithmetic Decoding of Cyclic Codes, SPS 37-44, Vol. IV. 

Berlekamp, E. ,  "Decoding Codes Beyond the Bose- Chaudhuri Bound, 
SPS 37-44, VOl. IV. 

rt, 1, 

Greenhall, C . ,  "Signal and Noise in Non-Linear Devices, SPS 37-44, Vol. IV. 

Zohar,  S . ,  "Computation of the Derivatives of a Band-Limited Function, 
SPS 37-45, VOl. IV. 

Symposia Papers  

Eisenberger ,  I . ,  and Stiffler, J. J . ,  "Synchronization of Ext remely  Weak 
Binary Signals," presented to  annual meeting of Society of Industr ia l  and 
Applied Mathematics,  Washington, D. C. , June 12-  15, 1967. 

Greenhall, C . ,  "Output of a L imi t e r  Under Stochastic Input, I t  presented t o  
Southern California Section, Society of Industr ia l  and Applied Mathematics,  
Los  Angeles, April 30, 1967. 

:: 

Journal Articles 

Posne r ,  E. C . ,  "P rope r t i e s  of E r r o r -  Correct ing Codes at Low Signal-to- 
Noise Ratios, 
Mathematics,  August 196 7. 

t o  appkar  in  J. Appl. Math. of Society of Industr ia l  a n d  Applied 

.I, .,. 
Resident Resea rch  Associate . 
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D. Cont rac tor  Publications ( P O  951076) 

1. Golomb, S. W. , "A Rational Algorithm fo r  Marsh '  s Cubic Transformation,  
SPS 37-44, VOl. IV. 

.L -8% 

2. Golomb, S. W. , and Hales,  A. W . ,  "On Enumerat ive Equivalence of Group 
Elements ,  SPS 37-44, V O ~ .  IV. 

ANTICIPATED PUBLICATIONS 

None. 

rb ,P 

Consultant, Math. Dept. , UCLA, P O  BZ-419057. 
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ASTROME TRICS 
NASA Work Unit 150-22-11-10-55 

Eugene R. Rodemich 
J P L  350- 11 000-X- 331 0 

OBJECTIVE 

The purpose of this  work unit i s  t o  develop theoret ical  and numer ica l  tools fo r  
es t imat ing andanalyzing the effects of so la r  sys tem geometry and physics  upon deep 
space  communication and radio navigation sys tems.  These techniques a r e  based in  
p a r t  onwork done under thecompanion work unit (NASAWorkUnit 150-22-11-09-55, 
"Information Processing")  and a r e  used in NASA Work Unit 125- 21- 02- 04, "Propaga- 
t ion Studies," as well as  in  NASA Work Unit 150-22-1 1-1 1-33, "Propagation Engineering." 

PROGRESS 

During the second half of F Y  1967, var ious  analytic techniques were  developed 
useful f o r  preparing r a d a r  brightness maps  of the planets ( l ) ,  (2). 
g r a m s  were  writ ten and run f o r  finding the backsca t te r  function, fo r  removing the 
effect of noise,  f o r  taking into account planetary geometry,  fo r  finding the bright- 
n e s s  at a point, fo r  averaging several  experiments ,  and f o r  drawing the maps. 
Some of the p rograms  run on a n  IBM 1620, and some on a n  IBM 7094. Radar  data 
obtained in  previous Venus r ada r  experiments a r e  being p repa red  f o r  the p rograms ,  
and ac tua l  Venus maps  will be obtained. Several  different procedures  f o r  obtaining 
the maps  will be used, so that the t rue effect of the Venus sur face  can be found. 
The m a p s  will be furnished to the companion "Propagation Studies" work unit f o r  
inte rp r etat i  on. 

Computer pro-  

A method was derived f o r  eliminating the effect of charged electrons on 
The method allows present  ranging sys t ems  to  be used even ranging data (3). 

through media containing electrons.  

PLANS 

During F Y  1968 a r a d a r  brightness map of Venus will be obtained. This  will 

Methods will 
furn ish  the f i r s t  look a t  the surface of that cloud-obscured planet. 
will be studied f o r  the purpose of obtaining a new mapping technique. 
be developed f o r  finding the var iances  in es t imates  of r a d a r  scat ter ing laws. 

Chirp coding 

PUBLICATIONS DURING REPORT PERIOD 

J P L  SPS Contributions 
, 

1. Zohar,  S., "The Range-Gated Autocorrelation Function, SPS 37-43, Vol. IV, 
pp. 330-338. 

'Numbers  in  parentheses  r e fe r  t o  publications at the end of th i s  work unit. 
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2. Zohar ,  S., "A New Method f o r  Extracting the Reflectivity Distribution F r o m  
Plane tary  Radar Data, 

Reichley, P. , IfElimination of Charged Elec t ron  Effects  F r o m  Ranging Data, 1 1  

SPS 37-44,  Vol. IV. 

3. 
SPS 37-44 ,  VOl. IV. 

ANTICIPATED PUBLICATIONS 

None. 
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PROPAGATION ENGINEERING 
NASA Work Unit 15 0- 22- 1 1 - 1 1 - 55 

G. S. Levy 
J P L  350- 11 1 00- 1 - 333 0 

OBJECTIVE 

The objective of th i s  work unit is to  achieve the necessa ry  understanding of 
the p lasma propagation effects encountered by a n  interplanetary telecommunication 
link. The p l a smas  of concern a r e  those due t o  en t ry  ionization, ion engine exhaust, 
and so la r  wind. 
Mart ian landing capsule during the blackout period. 

The most  immediate problem i s  that of communication with a 

PROPAGATION EN GIN EERING 

Upon ent ry  into a planetary atmosphere a vehicle i s  decelerated by drag  
effects. 
which it ionizes. 
tion of the microwave te lemet ry  passing through it. 

In addition to  the deceleration the gas  i s  heated above the t empera tu re  a t  
The ionized plasma sheath that  i s  formed pe r tu rbs  the propaga- 

The  ionization i s  a sensit ive function of vehicle en t ry  angle and velocity as 
The well as  the physical and chemical  composition of the planetary atmosphere.  

bes t  data we have on the Mart ian atmosphere were  obtained by the Mar iner  IV 
occultation experiment (Refs. 1, 2, 3, 4); therefore  it i s  important  to  make the 
bes t  possible  ana lys i s  of this limited data f o r  application t o  the blackout problem. 
The en t rance  data were  obtained on both an  open- and a closed-loop receiver .  
closed-loop r ece ive r  gives a n  integrated cycle count and pe rmi t s  a higher  degree  
of accu racy  than the data processing employed on the open-loop receiver .  The 
open-loop rece iver  was used to  obtain spec t ra l  ana lys i s  over  one- second in te rva ls  
and therefore  yielded only frequency as a function of time ra the r  than the cycle  
count integral .  
able  and so  only frequency-vs- t ime information has  been obtained. 

The 

On the exit f rom occultation only the loop rece iver  data were  avail-  

A digital  computer  p rogram has been p repa red  t o  obtain cycle  integration data 
f rom the existing tapes. These data will be used f o r  fu r the r  refinement to  the model 
of the Mart ian atmosphere.  This data reduction technique will a l s o  be applied to 
the Mar ine r  V radio occultation experiment to determine the a tmospher ic  param-  
eters of the planet Venus. 

P roposa l s  have been received in response to  a n  R F P  and a r e  being evaluated 

It i s  anticipated that  this  contract  will be placed in the f irst  half of 
f o r  a study of propagation phenomena t o  be expected in  a Mar ine r  
on Mars.  
F Y  1968. 

71 vehicle landing 

Cohn of Quantum Engineering has  conducted a study under  a J P L  
mtermine the effect of entry plasma on the te lemet ry  link of a Voyager 

The effects of both frequency shift and attenuation were  studied, and 

It was found that f o r  the model used both atten- 
a repor t  has  been issued. 
adopted f r o m  D. Spencer (Ref. 5). 
uation and frequency shift can be significant effects. 

The plasma environment model used in  th i s  study was 
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As a spacecraft  en t e r s  the a tmosphere  of Mars ,  a p lasma column trai l ing the 
The s t rength and frequency of the signal originating f r o m  spacecraf t  i s  generated. 

the spacecraf t  a r e  greatly affected by the presence  of th i s  p lasma column. 
objective of this  investigation was to obtain a n  est imat ion of the frequency shift a s  
well a s  the attenuation of the signal passing through the plasma column based on a n  
idealized model (Ref, 1 )  ( s e e  Fig. 1). It i s  a s sumed  f o r  this  model  that  (1) the 
p lasma i s  confined t o  a cylindrical  column swept out by the spacecraf t ,  ( 2 )  the  
p lasma i s  uniformly distributed over  each c i r cu la r  c r o s s  section of the column, and 
(3)  the density of the plasma v a r i e s  along the column in  accordance with the genera-  
tion r a t e  and the decay ra te  of the p lasma fo r  the nonfrozen flow model. 
more ,  it i s  assumed that the plasma medium may be adequately descr ibed  by a cold 
p lasma permitt ivity constant with loss .  The velocity, e lectron coll ision frequency, 
and plasma frequency a s  functions of alt i tude a r e  shown in Figs .  

The 

Fur the r -  

2, 3, and 4. 

F igure  5 shows the total  frequency shift as  seen at the e a r t h  due to  both 
orbi ta l  doppler and to the frequency per turbat ions due t o  the media. 
p lasma attenuation i s  a l s o  presented on the s a m e  graph. 
frequency shift due to the plasma becomes significant when the attenuation would 
make t racking high frequency r a t e s  mos t  difficult. 

The calculated 
It can be seen that the 

RE F E  RE N C E S 

1. Kliore,  A. ,  Cain, D. L . ,  Levy, G. S . ,  Eshleman,  v. €2. , Fjeldbo, G. and 
Drake, F. D . ,  Science, 149, 1243, September  10,  1965. 

2. Cain, D. L. , Drake, F. D. ,  Eshleman,  V. R. , Fjeldbo, G . ,  Kliore,  A , ,  
and Levy, G. S . ,  Proceedings of the Ionospheric Research  Committee of the 
Avionics Panel, A. G. A. R D.,  N. A. T. O . ,  Rome,Italy, September  21-25, 1965. 

3. Kliore,  A . ,  Cain, D. L . ,  Drake, F. D . ,  Eshleman,  V. R . ,  Fjeldbo, G. , 
and Levy, G. S . ,  Proceedings Cal tech-JPL Lunar  and Plane tary  Conference, 
Pasadena,  California, September  13- 18, 1965. 

4. Kliore,  A . ,  Cain, D. L. , and Levy, G. S. , Radio Occultation Measurement  
of the Mar t ian  Atmosphere Over Two Regions by the Mar ine r  IV Space Probe ,  
COSPAR, Vienna, Austr ia ,  May 11- 17, 1966. 

5. Spencer,  D. F., An Evaluation of the Communication Blackout P rob lem f o r  a 
Blunt-Mars-Entry Capsule and a Potential  Method fo r  the Elimination of Black- 
out, - " J P L  TR 32- 594, Apri l  15, 1964. 

PUBLICATIONS DURING REPORT PERIOD 

J P L  Technical Report 

Levy, G. S. , "Polar izat ion Measurement" in  The Superior  Conjunction of 
Mar ine r  IV, R. M. Goldstein, e t  a l . ,  TR 32-1092, Apri l  1, 1967. 
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Contractor  Report  

Cohn, G. I . ,  P re l imina ry  Est imate  of Per turbat ion in  the Mars-Voyager-  
Mission Ent ry  Vehicle Telecommunication Link Caused by Ionization of the 
Mar t ian  Atmosphere,  Quantum Engineering, Pasadena,  California,  JPL 
Reorde r  67-228, March  1967. 
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CYLINDRICAL VOLUME 
SWEPT OUT BY 
ENTRY VEHICLE 

PLASMA COLUMN 

ENTRY VEHICLE 

d l  SIGNAL RAY TO 
REFERENCE RECEIVER 

MARTIAN SURFACE 

F i g .  1. Ent ry  vehicle, t ra jec tory ,  
and plasma column configuration. 
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LOW NOISE TRANSPONDER PREAMPLIFIER DEVELOPMENT 
NASA Work Unit 150- 22- 17- 01 - 55 

W. Higa 
S. Pet ty  

J P L  350- 701 00- 1- 3330 

OBJECTIVE 

The objective of this t a sk  i s  t o  study and develop low noise technology f o r  
spacecraf t  r ece ive r  f ront  ends. 
and input power while maximizing reliability. 

The goal will be to  minimize noise figure,  s ize ,  

LOW NOISE TRANSPONDER PREAMPLIFIER DEVELOPMENT 

A tunnel diode ampl i f ie r  i s  current ly  being evaluated. These devices a r e  v e r y  
promis ing  f r o m  the point of view of dc power requirement .  Typically 10 to 20  m W  
of power i s  required.  However, the b ias  regulating c i rcu i t  usually d iss ipa tes  a lo t  
m o r e  power than this, and the power requirement  i s  increased  t o  approximately 
1/2 W. Thus, a n  a r e a  of investigation shall be the development of m o r e  efficient 
b ias  regulating c i rcu i t ry .  
o r d e r  of 4 dB and the power gain around 20  dB. 

The noise f igure of tunnel diode ampl i f ie rs  is in the 

A pa rame t r i c  amplif ier  with solid- s ta te  pump source  will be delivered short ly  
and will be compared with the tunnel diode amplif ier .  A procurement  has  been l 
init iated fo r  a t r ans i s to r  amplif ier  which will mee t  spacecraf t  requirements .  

Analyses ( J P L  SPS 37-45, Vol. 111) indicate that  a preampl i f ie r  with a noise 
f igure of 4 to  5 dB with a gain of around 17  dB i s  required to  provide a 3 dB improve-  
men t  i n  the noise  f igure ( 8  dB)  of the m i x e r  cur ren t ly  being used on spacecraf ts .  

Fu tu re  plans, in addition to  testing manufactured devices,  include studies of 
efficient power supplies ( for  tunnel-diode ampl i f i e r s )  and efficient solid s ta te  f r e -  
quency mul t ip l ie rs  (for paramps) .  

PUBLICATIONS DURING REPORT PERIOD 

None. 

ANTICIPATED PUBLICATIONS 

None. 
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RANGING TRANSPONDER 
NASA Work Unit 150- 22- 17-  03- 55* 

L. M. Hershey 
J P L  350- 70300-X-3360 

OBJECTIVE 

The objectives of th i s  work unit a r e  (1) to complete the development of the 
Mar ine r  S-Band, turnaround ranging t ransponder  in o r d e r  that  the technique may  be 
confidently employed by advanced projects and ( 2 )  to  modify the Mar ine r  t ransponder  
fo r  mult iple  project  utility and to extend its ranging capability beyond lunar  dis tances .  

PROGRESS 

The improvement of the Mariner  C t ransponder  design was originally defined 
as  a two-phase task.  
c i rcu i t ry ,  the recommending of design changes to the t ransponder ,  and the demon- 
s t ra t ion  of the per formance  improvement capability of selected design changes by 
modifying an  existing Mar ine r  C transponder.  The second phase was  t o  be the fab- 
r icat ion of a complete engineering model t ransponder  based on selected r e su l t s  of 
phase  I. 

The f i r s t  phase cons is t s  of a study of the existing t ransponder  

Both phases  were  funded. The s ta tement  of work f o r  phase I was  wri t ten and 
approved, and procurement  action was completed. Upon evaluation of the proposals ,  
Phi lco-Ford SRS, was selected a s  the cont rac tor  and a cont rac t  f o r  phase I only was 
signed on February  28, 1966 ( J P L  Contract 951290). The cont rac t  f o r  phase I1 was  
not signed but funds were  held fo r  it, pending completion of phase I. 

Because of the number of problems that were  uncovered under  phase I, and 
because of the l imitations of available r e sources ,  both manpower and funds, phase I1 
was redefined. 
cont rac t  modification. 
delay var ia t ions with t empe ra ture .  

Funds that were  being held f o r  phase I1 were  added to  phase I by 
Emphas is  was placed on the measu remen t  of ranging time 

Fina l  r e su l t s  of the redefined testing p rogram a r e  expected ea r ly  in  the next 
report ing period. 

Instead of developing a complete improved t ransponder  in  one step,  develop- 
ment  cont rac ts  will be le t  for  improved modules,  a few modules  a t  a t ime.  This 
improvement  p rocess  will be continued until the en t i re  t ransponder  has  been im- 
proved and upgraded. Module interface responsibil i ty will be re tained in-house.  

DESCRIPTION OF TRANSPONDER 

The S-band t ransponder  provides the functions of a double superheterodyne 
command rece iver ,  a phase-coherent t ransponder ,  a turnaround ranging t r ans -  
ponder,  and a te lemet ry  t ransmi t te r .  It employs th ree  loops as  shown on the block 

.b .P 

Jointly funded under NASA Work Unit 186-68-04-20-55. 
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d iagram of F ig .  1. These loops a r e  the ranging, automatic gain control (AGC), and 
automatic phase control (APC) loops. 
DSIF, the spacecraf t  t e lemet ry  information i s  modulated on a signal whose frequency 
is controlled by a n  auxiliary oscil lator.  
the t ransponder  rece iver  a t  a level  of about -150 dB o r  higher,  the APC loop will 
lock to  it, and AGC voltage i s  developed in the AGC loop. This  voltage, besides  
controlling the receiver  gain f o r  proper  operation, a l s o  produces a command voltage 
that  tu rns  off the auxiliary osci l la tor  and causes  the 19. 125-MHz VCO to be switched 
to  the t r ansmi t t e r  input in  its place.  
a n  exact ra t io  of 240/221 between the t ransmit ted and received frequencies .  
addition, the AGC voltage i s  te lemetered  to  provide received signal s t rength informa- 
ti on. 

In the absence of a received signal f r o m  the 

When a signal f r o m  the DSIF i s  p re sen t  in 

In this  manner ,  closing the APC loop provides  
In 

The signal received f r o m  the DSIF may have e i ther  ranging information o r  
command information phase-modulated on i t .  The second m i x e r  provides two out- 
puts, one to the 9. 56-MHz narrow-band command and APC channel and another  to  
the broad-band 9. 56-MHz ranging channel. 
the phase detector  in the ranging channel, amplified,  and remodulated onto the 
t ransmit ted signal along with the te lemet ry .  
lated by the phase detector in  the narrow-band channel. 

The ranging code i s  demodulated by 

The command information i s  demodu- 

TRANSPONDER PROBLEMS 

Because of the tight Mar iner  C schedule, some design problems had to  be 
allowed to  r ema in  in  the t ransponder .  
t ransponder  c lose r  to the p re sen t  s ta te  of the a r t ,  the t ransponder  improvement  
p rogram was  begun. 

In o rde r  t o  c o r r e c t  them, and to  bring the 

The problems which remained in the t ransponder  were  sys tem problems and 
problems pecul iar  t o  individual modules.  

Three  main  system problems were  found to  exist .  Solutions t o  two--the self- 
lock and AGC problems- -were  reported previously. 
problem i s  being studied now, and resu l t s  obtained to  date  will be descr ibed.  

The turnaround ranging delay 

Module performance p a r a m e t e r s  were  unstable with t empera tu re  and voltage 
fluctuations; the modules were  not readily reproducible; t e s t  and adjustment was a 
long and tedious process .  

The ranging improvements  a r e  directed toward reducing the turnaround 
ranging t ime  delay variations through the t ransponder  and increasing the ranging 
modulation bandwidth. 

The time delay through the Mar iner  C t ransponder  v a r i e s  with t empera tu re  by 
a s  much a s  200 ns.  
p r o g r a m s  a r e  expected to  requi re  a reduction of at least one o rde r  soon, and 
eventually two o rde r s .  
charged par t ic le  effects on Voyager. 

The DSIF specifies a maximum variat ion of 100  ns ,  but future  

A 3-h  stabil i ty of 0. 7 m s  is required fo r  calibration of 

Delay measurements  a r e  being made  with each  module subjected individually 
to  tempera ture  t e s t s  in o r d e r  t o  isolate  the causes  of the var ia t ions,  and analysis  
of these effects i s  ca r r i ed  on simultaneously. Ranging modulation bandwidth 
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improvements  have been designed and tes ted.  
M a r i n e r  6 9  t ransponder ,  based upon r e su l t s  of this study. 

They a r e  being applied on the 

Analysis and breadboard t e s t s  of par t ia l  and whole modules resul ted in  im- 
provement  of nine of the fourteen modules in the t ransponder .  
under  way, indicate the need fo r  fur ther  improvement  of modules.  

Ranging t e s t s ,  now 

STUDY PROGRAM 

Under the study program,  as  reported s ix  months ago, seven modules were  
analyzed, t h ree  were  breadboarded, and par t ia l  breadboards were  built of four 
more .  Since that  report ,  the frequency divider was analyzed, and a n  improved 
video amplif ier  breadboard was built. 
Additional analytical  work was done on the ranging sys t em and on the mixe r  p re -  
amplif ier ,  second IF amplif ier ,  and isolation amplif ier .  Some of the resu l t s  of 
th i s  study a r e  being incorporated in  the Mar ine r  6 9  t ransponder  and modules will 
be available f o r  t e s t  f rom that program soon. 

This module is  being tes ted at present .  

RANGING TESTS 

The ranging t e s t  plan s t a r t s  with overal l  t e s t s  of a n  old transponder.  Ranging 
and S-band phase delay var ia t ions a re  taken with the t ransponder  at 8 different 
t empera tu res  and at 5 different input levels .  
with each  six-pack alone subjected to the tempera ture  range; then each individual 
module is subjected to  environment. Certain diagnostic checks a r e  made  to  a id  in  
the ana lys i s  of the resul ts .  
individually, then in  six-packs, and finally a complete t ransponder  using all avail- 
able  new modules will be tested.  The r e su l t s  of these t e s t s  to  date will be described 
now. 

Next, the same t e s t s  a r e  repeated 

Available new improved modules will be tes ted next 

First, the en t i re  t ransponder  was placed in a tempera ture  chamber ,  and 
ranging phase delay var ia t ions were  measured  at up-link signal levels  of - 70, -90, 
and -1 1 0  dBm over the tempera ture  range of - 10 to  i -75 OC. 
ments  w e r e  approximately the same a s  - 70 dBm. 
- 70 and - 11 0 dBm a r e  shown in  F i g .  2. 
with each  six-pack subjected to temperature  var ia t ions by i tself ,  while the remain-  
d e r  of the t ransponder  was held at room tempera ture .  

The -90-dBm measure -  
Measured performance data a t  

Then s imi l a r  measurements  were  made  

The 498-kHz phase delay variation of the en t i re  t ransponder  measu red  about 
15 deg over  the type approval tempera ture  range. 

However, when individual six-packs were  subjected to  t empera tu re  var ia t ions 
it was found that rece iver  package 1 (prese lec tor ,  mixer -preampl i f ie r ,  47. 8-MHz 
IF, 9. 56-MHz IF, and X36 multiplier)  produced a phase shift of 38 deg over  the 
t empera tu re  range a s  shown in  F i g .  3. Receiver  package 2 (phase detector ,  f r e -  
quency divider,  VCO, isolation amplifier,  and video ampl i f ie r )  produced a phase 
shift of 8. 5 deg in  the opposite direction shown in Fig. 4. 
(auxi l iary osci l la tor  and X30 mult ipl ier)  produced a phase shift of 11 deg shown in  
Fig.  5, a l s o  opposing the shift of receiver  package 1. In o rde r  t o  fur ther  isolate  
and identify the causes  of phase variations,  individual modules a r e  being subjected 
to t empera tu re  var ia t ions a s  the next step.  

The t r ansmi t t e r  package 



JPL Technical Memorandum 33- 353, Vol. I11 

To  date, only the 9. 56-MHz IF ampl i f ie r  has  been evaluated in  this  manner .  
I t s  effect  on ranging delay, when it was placed in  the t empera tu re  chamber  alone, 
i s  shown in F i g .  6. The effect i s  much g r e a t e r  than that observed with its en t i re  
six-pack in  the oven. 

The 9. 56-MHz amplifier i s  not direct ly  continued in the turnaround ranging 
loop; it i s  a p a r t  of the A P C  loop that  furn ishes  the re ference  signal fo r  the ranging 
phase detector .  
signal a t  the A P C  loop detector ,  caused by t empera tu re  var ia t ions,  was affecting 
the ranging delay a t  the ranging phase detector  by changing the phase of the re ference  
signal . 

It was therefore  hypothesized that a change in  the phase of the 

To determine i f  this hypothesis was tenable, a measu remen t  was made  of the 
effect of ranging detector re ference  signal phase on the ranging delay through the 
t ransponder .  A strong effect was  found t o  exist .  

To fur ther  t e s t  the validity of the hypothesis, the measu red  R F  phase shift 
through the IF amplifier a s  a function of t empera tu re  and the measu red  effect of 
ranging detector  reference phase upon ranging delay were  used to calculate  the 
effect of second IF temperature  on ranging delay. The r e su l t s  were  entered a s  
points on Fig. 6. 
but the r e su l t s  deviate sharply at higher tempera tures .  The  tentative conclusion 
was that  the hypothesis i s  par t ia l ly  co r rec t ,  but that  some other  mechanism was 
a l s o  contributing, and that the effect of the other mechanism was predominant at 
higher tempera tures .  

Fa i r ly  good agreement  is  demonstrated between -1 0 and t4OoC,  

It should be noted that the 9. 56-MHz IF amplif ier  used in  these t e s t s  exhibits 
phase shifts in excess  of the limits specified for  this  module, although it had been 
tes ted  previously (and passed )  to  these specifications.  
*15-deg phase variation through the IF would resu l t  in 1 0-deg overal l  ranging delay 
variation, which i s  still a m a j o r  contribution to the total. 

The specified limit of 

The effect of the re ference  phase on ranging delay could not be explained by 
the analytical  model  commonly used f o r  a phase detector ,  so  some fur ther  investi-  
gation was undertaken. 

The pa r t i a l  schematic d iagram in Fig. 7 shows the pr incipal  ways in which 
the second IF amplifier module can  affect the ranging signal. The command and 
ranging c i rcu i t s  a r e  partially isolated f r o m  each other by the 1 8 4  r e s i s t o r s  in a 
Y configuration at the second m i x e r  output. 
amplif ier  i s  50 st resis t ive through a na r row frequency band of about 4. 5 kHz 
centered  on 9. 56 MHz. The ranging signal occupies about 3 MHz bandwidth. 

The input impedance t o  the second IF 

The re ference  voltage to the ranging phase detector  i s  supplied f r o m  the VCO 
through the frequency divider,  
second IF input t o  i t s  l imited output. 
could be affected by a phase var ia t ion in the IF, VCO, o r  frequency divider.  It 
could a l s o  be affected by the c rys t a l  f i l t e r ' s  input impedance in  a somewhat different 
manner .  Here,  impedance var ia t ions a c r o s s  the broad spec t rum of the ranging 
signal causes  phase and amplitude distortion of the ranging signal. The dis tor ted 
signal is  affected by phase var ia t ions in  the ranging detector 's  re fe rence  voltage. 

so  its phase v a r i e s  with phase var ia t ions f r o m  the 
Therefore ,  it appears  that the ranging signal 
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T o  investigate the c rys t a l  f i l t e r ' s  effect ,  the amplitude and phase charac te r i s t ics  
of the ranging channel f r o m  the second m i x e r  to  the isolation amplif ier  input range 
centered  about 9. 56 MHz using the normal  c i rcui t .  
over  6 dB amplitude and over 50 deg of phase variation over the frequency range. 

The resu l t  seen in  Fig.  8 showed 

The addition of 20 dB08 isolat ionin the c rys t a l  f i l t e r  input c i rcu i t  reduced i t s  
effect upon the ranging signal to  about 1 dB of amplitude and 1 0  deg of phase non- 
l inear i ty  in  the ranging bandwidth. 

In  the Mar iner  6 9  t ransponder ,  the addition i s  being considered of a n  isolation 
amplif ier  in the 47. 8-MHz IF amplifier module t o  provide the necessa ry  isolation. 

An additional contribution to  ranging phase delay var ia t ions was found in the 
frequency divider.  
a substantial  amount of VCO frequency divided by four and its odd multiples in 
addition t o  the des i red  VCO frequency divided by two. Careful tuning of the divider 
input c i r cu i t  while observing the module's output on a spec t rum analyzer  resul ted 
in  v i r tua l  elimination of the undesired spec t rum components, and a reduction of the 
effect of ranging delay on r e fe rence  phase by about 1/3. The module specification 
i s  being changed to require  the use  of a spec t rum analyzer  f o r  proper  tuning. 

When tuned in the usual manner ,  its output spec t rum contained 

The effect of re ference  phase e r r o r  on overal l  ranging delay i s  shown in 
Fig.  9. When the frequency divider is  p roper ly  tuned for  a clean spec t ra l  output 
the slope of the curve  i s  reduced by about one third.  
f i l t e r  is  isolated f r o m  the ranging channel, the effect of detector  re ference  phase 
var ia t ions i s  reduced a s  shown in Fig. 9. The specified phase variation limit 
through the 9. 56-MHz IF is *15 deg over the tempera ture  range.  
duce l e s s  than *3 deg variation in the ranging signal, with the modified circui t .  

When, in addition, the c rys t a l  

This should pro- 

VIDEO AMPLIFIER 

The old video amplif ier  was analyzed and recommendations made  fo r  i t s  
improvement  during the ear ly  p a r t  of the t ransponder  study. 
l a r  concern to  Mar iner  69  were  the variation in output level with tempera ture  and 
t ime  delay var ia t ions with input signal level.  

P rob lems  of particu- 

A breadboard has  been built of a new video ampl i f ie r  using differential  t r ans i s -  
t o r  l i m i t e r s  instead of the back-to-back diode l i m i t e r s  used in  the old video 
amplif ier .  
a r e a s  a s  shown in Table 1. 
improved by near ly  four to one. 
module is  too smal l  to m e a s u r e  over *lO dB input range. 
module v a r i e s  about half a s  much a s  the old over the t empera tu re  range. 
delay over  *10 dB input change i s  improved. 
the new amplif ier  resul ted in  a decrease  in r i s e  t ime f r o m  80 to 55 ns ,  and 
improved f i l t e r  cha rac t e r i s t i c s  reduced under and overshoots to negligible amounts.  
The new video amplif ier  will be used in  Mar iner  

Tes t s  of the new breadboard indicate super ior  per formance  in  c r i t i ca l  
The output level v s  t empera tu re  per formance  has  been 

The output variation with input level  of the new 

Time 
The t ime  delay of the new 

The g r e a t e r  frequency response of 

69. 

3 1  
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Table 1. Video amplif ier  per formance  

A Output vs tempera ture  (-10, t 7 5 " C )  

A Output vs Input (*lo dB)  

A Delay v s  tempera ture  (-10,  t 7 5 " c )  

A Delay vs input (* lo  dB) 

Rise  t ime  

Ove r shoo t/un d e r shoot 

Old 

1 . 9  dB 

0 . 5  dB 

20 n s  

20 n s  

86 n s  

5 / l o% 

- New 

0 .5  dB 

<O. 1 dB 

10  ns  

15  n s  

55 n s  

O/O% 

OTHER MODULES 

Some minor  improvements have been made  i n  the per formance  of cer ta in  other  
modules during this  period. 
than the 1-dB wors t  case noise figure improvement  reported l a s t  period. It was found 
that a selected low-noise vers ion  of the new h o t - c a r r i e r  diode used in  the redesigned 
m i x e r  can  be substituted direct ly  with a resul tant  t ransponder  noise f igure improve-  
ment  of another  1 /2 dB. 

The mixe r  per formance  has  been improved s t i l l  m o r e  

The 9. 56-MHz IF amplifier tuned c i rcu i t s  was temperature-compensated to  
reduce reference signal phase effects upon ranging t ime  delay. 
applied to the Mariner  6 9  t ransponder .  

This change was 

PUBLICATIONS DURING REPORT PERIOD 

J P L  SPS Contributions 

1 .  Hershey, L. M. , "Mariner  S-Band Turnaround Ranging Transponder  Improve- 
ment  P r o g r a m , "  SPS 37-43, Vol. IV. 

2. Hershey, L. M . ,  "Mariner  S-Band Turnaround Ranging Transponder  
Improvement Program,  ( I  SPS 37-44, Vol. IV. 

C on t rac  t o r Rep o r t  s 

1. Phi lco-Ford SRS Monthly P r o g r e s s  Reports  f o r  the months of January  through 
June 1967 ( J P L  Contract  951290). 

ANTICIPATED PUBLICATIONS 

J P L  SPS Contribution 

1 .  Hershey, L.  M . ,  "Mar iner  S-Band Turnaround Ranging Transponder  
Imp r ov e m en t P 1- o g ram. 1 1 
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C on t ra c t o r Rep o r  t s 

1. Philco- Ford  SRS Monthly P r o g r e s s  Reports .  

2. Philco- Ford  SRS Design Study of the J P L  S- Band Turnaround Ranging Trans -  
ponder- - Final  Engineering Report ( J P L  Contract 95 129 0). 
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LOW - DATA- RATE MFSK MODU LATION/DE TE C TION SYSTEMS 
NASA Work Unit 150-22-17-04-55 

F. J. Char les  
J. C. Springett 

J P L  350- 70400- 2- 3340 

OB J E  C TIVE 

The objective of this  work unit is  to  develop and qualify a low-data-rate  (0.  5 
bit /s  o r  l e s s )  te lemet ry  modulation/detection sys tem for  application t o  landed 
planetary capsules and deep space probes.  

Basic  studies re la t ive to the analysis ,  performance verification, and mech-  
anization of multifrequency FSK (noncoherent) sys t em a r e  being pursued. 
be investigated include (1 )  ana lys i s  of the var ious approaches which can be used to 
implement  a MFSK system, ( 2 )  establishment,  through d i rec t  measurement ,  of 
s ta t i s t ica l  information relat ive t o  performance and the ability of the detector  to  
synchronize t o  the actual  signal set ,  and (3 )  a l te rna te  software implementations.  
The per formance  verification i s  being implemented by the use  of an  SDS 930 com- 
puter  which opera tes  on samples  of the signal-plus-noise ensemble.  

I t ems  to 

PROGRESS 

During this repor t  period the s ta t is t ical  p roper t ies  of the spec t ra l  es t imates  
used in  the decision p rocess  by a spectrum analyzer  rece iver  were  derived and 
compared with the resu l t s  obtained f rom a n  experimental  study. 
then used to determine the probability of e r r o r  of the rece iver  when the compu- 
tation of the correlat ion coefficients was premature ly  terminated.  

These resu l t s  were  

F igure  1 shows f o r  a given signal-to-noise, the analytical  and experimental  

The var iance u2 i s  a t  the f r e -  
r e su l t s  obtained fo r  the var iance of the spec t ra l  es t imates  a s  a function of the 
percentage of correlat ion coefficients computed. 
quency where the signal appears ,  and u2 i s  the var iance a t  a l l  o ther  frequencies.  
F igures  2 and 3 c lear ly  i l lus t ra te  the dengradation in sys t em performance that 
r e su l t s  f r o m  truncating the correlat ion function. 
mar i zed  in  a paper  presented at the NTC Conference in San Franc isco ,  May 18, 1967. 

S 

These resu l t s  have been sum- 

ANTICIPATED FUTURE PROGRESS 

Now that the studies of the performance of the ideal  spec t rum analyzer  r e -  
ce ive r  a r e  complete, future  work will be directed toward ( 1 )  analysis  of the 
synchronization proper t ies  of the spectrum analyzer  r ece ive r  and ( 2 )  consideration 
of signal s e t s  other than envelope orthogonal sinusoids.  

PUBLICATIONS DURING REPORT PERIOD 

None. 

ANTICIPATED PUBLICATIONS 

None. 
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IO0 
- 

Fig. 2. Probabili ty of e r r o r  for  the 
spec t rum analyzer  rece iver ,  M = 2 

Fig.  3. Probabili ty of e r r o r  fo r  the 
spec t rum analyzer  rece iver ,  M = 32 
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LOW-DATA-RATE TELEMETRY R F  SYSTEMS DEVELOPMENT 
NASA W o r k  Unit 150-22-17-06-55 

A. W. Kermode 
R.  B. Pos ta l  

JPL 350-70600-2-3360 

OBJECTIVE 

The objective of this work unit is to extend the te lemet ry  communications 
capability of the Deep Space Network (DSN) f r o m  its present  lower limit of approxi- 
mate ly  5 bit/s to rates of 0. 1 bit/s or less.  
communications capability in support  of deep so lar  sys t em probes and small landed 
planetary capsules  and for  possible use as a self-contained bat tery powered 'failure 
mode s y s t e m  on any deep space mission. 
Unit 150-22-17-04-55 and will specifically support  the development of the MFSK 
S-band t ransmi t te r .  This t ransmi t te r  will be designed to withstand a high impact  
landing, operate  in a planetary atmosphere,  and pe r fo rm reliably a f te r  being sub-  
jected (nonoperating) to a heat  steri l ization process .  

The intent is  to develop a low-data-rate 

This is  a companion task to NASA Work 

IN-HOUSE DEVELOPMENT PORTION O F  THE SOLID STATE S-BAND 
TRANSMITTER 

Figure  1 shows a block diagram of the 3-to-5-W high-impact s ter i l izable  
S-band t r ansmi t t e r  under development. Modules 0 ,  1 ,  and 2 generate  a 575 MHz 
c a r r i e r  at a level  of 13 W and a r e  being developed in-house. 
tions modules 1 and 2 a r e  suitable for u se  in the Capsule Relay Transmi t t e r ;  s e e  
NASA 186-68-04-08-55.) These modules,  with the exception of the c rys t a l  and a 
va rac to r  diode, have survived 10,000-g shock levels.  
at 5200 g. 
period. As previously reported,  a heatsink problem existed in module 2 during 
thermal-vacuum testing (a  l a rge  tempera ture  difference was measu red  between 
chass i s  and the stud of a power t rans is tor ) .  
revealed its stud mounting nut to  be loose. 
t u r e r ' s  specifications , the tempera ture  gradient  was reduced to a normal  level.  
Steri l ization t e s t s  were  per formed on modules 1 and 2. These units were  subjected 
to three 14-h tempera ture  cycles  of 145°C. No degradation in module performance 
was measu red  at the conclusion of these t e s t s ;  however, there  was significant d i s -  
coloration of the component staking compound. R F  breakdown t e s t s  were  a l so  p e r -  
formed on modules 1 and 2 over  a wide range of p re s su res .  No multipactor break-  
down was noted at p r e s s u r e s  between 10-3 and 10-6mm Hg; however,  ionic 
breakdown was observed a t  four locations in module 2 at a p r e s s u r e  of 1 mm Hg. 
This problem is present ly  being evaluated. 

( W i t h  slight modifica- 

The varac tor  fa i lure  occur red  
Additional types of va rac to r s  will be evaluated during the next reporting 

An examination of the t rans is tor  
Upon tightening the nut to the manufac- 

Considerable t ime and effort  has been spent in the development of the MFSK 
modulator (module 0 ) .  
VCXO followed by two amplif iers .  
stabil i ty necessa ry  to support  a low-data-rate format .  
consis ts  of minimum word separations of only 10 Hz at S-band with a word t ime of 
5 s .  

The modulator c i rcu i t ry  consis ts  of a low gain 31. 875-MHz 
Of p r ime  importance is osci l la tor  frequency 

The proposed data profile 

P r e s e n t  es t imates  of required frequency stability a r e  of the o r d e r  of 
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1 x l O - l O / s .  
stability tes t s  to  date. 
are  power supply and operating tempera ture  changes. 
power supply variations can be reduced to a sat isfactory level of improving the power 
supply regulating circuits.  Temperature  compensation of the osci l la tor  is  ex t remely  
difficult because the Q of the frequency control c i r cu i t  external  to the c rys t a l  is  v e r y  
low. 
c rys t a l  whose frequency-vs - temperature  charac te r i s t ics  a r e  *50 x lO-$/"C o r  less  
and by limiting the rate  of tempera ture  change of the osci l la tor  module to 
70. 002 "C/s. 

Shown in Table 1 is a s u m m a r y  of modulator performance and 
As shown, the g rea t e s t  contr ibutors  to frequency instability 

The frequency change due to 

It is proposed to limit the frequency change due to tempera ture  b using a 

Proportional oven and insulation techniques a r e  being investigated. 

ISOLATOR (JPL CONTRACT 951565) 

An isolator  is  required to prevent instabil i t ies in  S-band solid state t r ansmi t -  
ters due to output impedance mismatch.  
Rantec Corporation was to study the effects of heat  s ter i l izat ion ( t135  "C) and high 
impact  (10 ,000  g) on magnetic mater ia l s  typical of use  in an  S-band isolator.  
high impact  c i rculator  s t ruc ture  was developed for u se  in evaluation of the magnetic 
materials. 

study, was assembled into a prototype high-impact c i rculator  s t ructure .  The 
ma te r i a l s  used  were  Trans-Tech  G-600 garnet  d i sc s ,  Alnico 8 permanent  magnets ,  
and 0. 050-mil Mumetal shielding s t raps .  
Fig.  2. 

The objective of the cont rac t  with the 

A 

The best  combination of magnetic ma te r i a l s ,  result ing f r o m  the ma te r i a l s  

The circulator  s t ruc ture  is  shown in 

The prototype circulator  was evaluated a t  JPL. The evaluation involved s t e r i l -  
ization tes t s  of three 26-h cycles of E T 0  gas t rea tment  and three  64-h cycles  of 
135°C heat  t reatment ,  and high-impact (10,000 g) shock t e s t s  with magnetic map-  
ping and electr ical  performance checks before and af te r  the s ter i l izat ion and 
shock tes t s .  

The maximum radial  magnetic field, as measu red  on the initial mapping, was 
The maximum variat ion in the radial  magnetic field less  than 2 .4  gamma at 1. 5 f t .  

was * 0 . 6  gamma,  during exposures  of for ty  (40) gauss depe rm. ,  followed by twenty- 
five (25) gauss p e r m . ,  followed by eighty (80) gauss  deperm.  

Two R F  connectors were  damaged during the second high impact  shock 
(10,000 g) t e s t ,  due to a fai lure  of the mounting sc rews ,  Consequently, the p e r -  
formance evaluation w a s  not completed, The inser t ion lo s s  and isolation per for -  
mance  characteristics--of the prototype circulator  have been summar ized  in Table 2 
and in  Table 3 ,  respectively. 

It can be concluded f r o m  the resu l t s  of the study contract  that suitable mag-  
netic materials and mechanization techniques exis t ,  such that a n  S-band isolator  
capable of surviving high-impact shock environments and s ter i l izat ion is pract ical .  

A contract  is  present ly  being negotiated for Obligations to  date a r e  $15, 200 .  
development of two high-impact, s ter i l izable  prototype S-band isolators .  
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HIGH-IMPACT QUARTZ CRYSTAL DEVELOPMENT ( J P L  CONTRACT 951080) 

The purpose of this contract  is  to develop a high-impact s ter i l izable  c rys t a l  for  
u se  in  the 3- to 5-W S-band t ransmi t te r .  The vendor,  Valpey-Fisher Corporation, 
has  been under s top-work-order  since January  pending J P L  evaluation of PTM units 
submitted by the vendor,  and negotiations concerning a change i n  development plan 
for  this contract .  Of the three  c rys ta l s  submitted in  November 1966, only one s u r -  
vived all the environmental requirements  of the specification ( J P L  Spec. 30250-B). 
The unit a l so  survived 8200 g shock levels but failed a t  10,000 g. The remaining 
c rys t a l  units developed excessive phase j i t t e r  when subjected to vibration testing. 
Upon d isassembly  of one of the uni ts ,  sur face  abrasions were  fou-nd on the quartz  
resonator .  A fur ther  examination of the ce ramic  holders  showed high spots in the 
holder  cavity that  match  the location of the resonator  abrasions.  
apparent ly  a manufacturing deficiency and can  be co r rec t ed  by careful  c e r a m i c  
grinding and depth measurement  techniques. 

This fa i lure  is 

In genera l ,  the change in development plan for  this cont rac t  involves: 

(1)  Change in  frequency to 31. 875 MHz ( f r o m  19.125 MHz). 

(2)  Inclusion of the 10,000-g shock requirement  to the specification. 

(3 )  Inclusion of s ter i l izat ion requirement  to the specification. 

Negotiations for  this phase of the cont rac t  have been completed and cont rac t  
reviewing is now in process .  
Delivery of the ten c rys t a l s  i s  scheduled for  November 1967. 
date a r e  $64,000.  

Contract distribution i s  expected July 17, 1967. 
Funds obligated to 

Two additional types of c rys ta l s  were  evaluated a t  J P L  for  impact  res i s tance .  
One group of five TO-5 c rys t a l s  (Valpey-Fisher)  failed the f i r s t  shock t e s t  of 5200 g. 
Pos t - t e s t  examination of these units showed the resonator  to be supported with 
0.001 -in. ribbon leads ra ther  than directly by the header  feedthroughs. 
r e sona to r s  were  found to be  broken. 
tes ted with the following resul ts :  two units failed a t  2500 g, one failed a t  5500 g ,  
two failed a t  6400 g ,  and two failed at 7500 g. The remaining two units survived 
twelve planes of testing through 7500 g. 
between 0 .3  and 5 part/1O6 pe r  shock. 

All 
Nine Midland CR-24 units were  a l so  impact-  

Frequency shifts of the nine units ranged 

X-4 STRIPLINE FREQUENCY MULTIPLIER 

As previously reported,  Motorola responded to the J P L  second solicitation 
with a bid to develop a X-4 s t r ipl ine frequency mult ipl ier  capable of meeting al l  the 
requi rements  s e t  for th  in  J P L  statement  of work SW 162-336. 
and a cont rac t  for  $7 ,500  was awarded in January  under PO BY 331739. 
mult ipl ier  was delivered to JPL on May 9 ,  1967. 
unit to m e e t  all R F  specifications at room tempera ture  under s ta t ic  conditions. 
Environmental testing will begin in  July. 

The bid was evaluated 
The 

P re l imina ry  evaluation shows the 

The high-impact work connected with this work unit is heavily supported by 
NASA 186 -68-04-14-55, "High Impact Communications Subsystems Technology. I '  
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PUBLICATIONS DURING REPORTING PERIOD 

Contractor Reports  

1. Valpey-Fisher Corporation, Report  Se r i e s  5718, N. Gillin, Monthly P r o g r e s s  
Reports  f o r  the period January  1 ,  1967 through June 30, 1967. JPL Contract  
951 080. 

2. Rantec,  P r o g r e s s  Reports  for  the months of Februa ry  and May, 1967. JPL 
Contract 951565. 

ANTICIPA TED PUBLICATIONS 

1. Valpey-Fisher Corporation, P r o g r e s s  Reports .  

2. Rantec,  Final Report .  

3. SPS Art ic les .  
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Table 1. Summary  of MFSK modulator per formance  

Ambient dr i f t  (a f te r  1 -min turn-on) 

Tempera tu re  (wors t  ca se  slope -10 to t65"C) 

Power  supply variation (*170) 

Modulation sensit ivity 

-9 Modulation l inear i ty  (data range = 120 x 10 ) 

Crys ta l  unit for  above data i s  a 31. 875 MHz 5th overtone (Midland ML 6-J ) .  
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Table 2. Summary  of prototype c i rcu la tor  inser t ion  lo s s  data 

Frequency , 
GHz P o s t  E T 0  and heat  

s ter i l izat ion Initial bench 
test ( 3  cycles each) 

Loss ,  dB 

P o s t  10,000-g 
shock 

(single axis) 

2.1 0.33 0.34 

2 .3  0. 32 0 .33  

2. 5 0. 27 0.33 

0.35 

0 .33  

0 .35  

2.1 0. 32 0 .43  

2. 3 0 .33 0.33 

2.5 0.  30 0 .33  
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Frequency,  
GHz 

Isolation, dB 

P o s t  ET0  and hea t  
s te r i l i za t ion  

P o s t  10,000-g 
shock Initial bench 

test ( 3  cycles  each) (s ingle  axis) 

P o r t s  11-1 

P o r t s  111-11 

I P o r t s  1-111 I 
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Fig. 1. Low- data- r a t e  S- band high-impact 
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Fig. 2. Prototype s te r i l i zab le  high-impact 
c i r  culat o r 
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STANDARD TELEMETRY ACQUISITION AND DEMODULATION TECHNIQUES 
NASA Work Unit 150-22-17-07-55 

F. J. Charles  
F. L. La r son  

JPL 350 -70700 -X-3 340 

OB J E C  TIVE 

The development of long-term or "standard" te lemet ry  sys t ems  for  application 
to all p rograms  interfacing with the Deep Space Instrumentation Facil i ty (DSIF) 
r equ i r e s  that var ious analyses and investigations be conducted relative to potential 
and fundamental problem areas. In par t icular ,  the interaction of proposed 
modulation/synchronization techniques with APC rece ive r s ,  operating within the 
constraints  imposed by the DSIF, requires  considerable attention. 

This t a sk  will p r imar i ly  invssligate the effects of threshold phenomena in  
coherent  sys t ems  in  o rde r  to  m o r e  fully understand (1) the SNR degradation of 
rece ived  te lemet ry  modulation and synchronization signals by noisy o r  imperfec t  
demodulation re ferences  and (2)  the interaction and effect of modulation signals on 
automatic R F  acquisition rece ivers  and the recovery  of tracking information. 
sive experimental  and analytical  studies will be conducted to support  and/or refine 
existing theoret ical  analysis and models in  o r d e r  to m o r e  uniquely determine the 
nonlinear behavior of coherent modulation/demodulation sys tems.  The resu l t s  will 
support  the companion tasks  "Standard Telemet ry  Sys tem Engineering" (NASA Work 
Unit 150 -22  - 17 -09) and "Standard Telemetry Sys t e m  Modulation and Coding" (NASA 
Work Unit 186 -68-40- 19). 

Exten- 

PHASE-LOCKED LOOP STUDY 

During this repor t  period, the study of the cycle-slipping behavior of the 
second-order  phase -locked loop was completed. 
probabili ty distribution of the first t ime to loss  of lock. 
of lock as a function of signal-to-noise ra t io  is shown i n  Fig. 1 ,  a is the signal-to- 
noise ra t io  in the bandwidth of the loop. 
experimental  values. 
m o s t  of the reporting period because of reassignment  of personnel to the Mar ine r  69  
High Rate  Telemet ry  Project .  

Of par t icular  in te res t  was the 
The mean time to f irst  l o s s  

The equation T = a / ( l -2  loga) is a f i t  to the 
Fur the r  progress  on this par t icular  effort  w a s  not possible for  

ANTICIPATED FUTURE PR 0 GR ESS 

A l a r g e  percentage of the time spent on this task  during the f i r s t  half of 
F Y  1968 will be directed toward performance evaluation of the proposed Mar iner  69 
High Rate  Telemet ry  System. Special attention will be given to the ability of the 
blocked-coded detector t o  synchronize, and the effects of noisy re ferences  i n  the 
proposed system. 
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PUBLICATIONS DURING REPORT PERIOD 

S PS Contribution 

1. Charles ,  F. J. , and Larson ,  F. L. , "The Distribution of the Time to F i r s t  
Loss  of Lock fo r  a Second-Order Phase-Locked Loop. 

ANTICIPATED PUBLICATIONS 

1. Charles ,  F. J. , and Larson ,  F. L. , "The F i r s t  Pas sage  Time Prope r t i e s  
of the Second-Order Phase-Locked Loop. 
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F ig .  1. M e a n  t ime  t o  f irst  l o s s  of lock 
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DATA COMPRESSION TECHNIQUES 
NASA Work Unit 1 5 0 - 2 2 - 1 7 - 0 8 - 5 5 

Eugene R .  Rodemich 
JPL 350-70800-X-3310 

OBJECTIVE 

This work unit  uses advanced mathematical  and statistical techniques to  devise  
and analyze methods of data compression for planetary spacecraf t  t e lemet ry  sys t ems ,  
as well a s  f o r  the DSN Ground Communication System. These techniques are pushed 
to the point at which the work can be picked up  by the companion Advanced Engineer-  
ing work unit, "Data Compression Engineering, NASA Work Unit 150-22-15-14-33. 

PROGRESS 

During the second half of F Y  1967, work continued on developing the theory of 

Another paper  giving 
Fur the r  results 

epsilon entropy as the foundation for  a general  theory of data compression.  
paper on epsilon entropy was accepted for  publication (D-1).  
m o r e  specific resu l t s  will be submitted to the same journal (C-2).  
along the same l ines  which m a y  yield data compress ion  schemes that are m o r e  easi ly  
implementable a re  being put into yet another paper (C-3). 
presented at a professional society meeting (A-1) .  
a l so  given at var ious universities: 
Electrophysics Colloquium, Februa ry  1967, and Analysis and Probabili ty Seminar ,  
June 1967; UCLA Mathematics and Information Sys tems Seminar ,  April  1967. Work 
is proceeding vigorously on var ious aspects  of the theory.  

A m a j o r  

Some of this work was 
Symposia on this subject were  

University of California a t  San Diego, Applieu 

The applicability of quantiles to data compress ion  was extended (B-1,  B-3, 
D-1) .  A comprehensive repor t  (D-1) on the use  of quantiles fo r  hypothesis testing 
in space  experiments  extends previous theory to  s ix  and eight quantiles,  and was 
done t o  support  the design of a n  Advanced Histogrammer-Quant i ler  done under the 
companion Data Compression Engineering work unit. 

A visit was made in  May ( b y  E. Posne r )  to the University of Chicago, Labora-  
to ry  for  Space Science and Astrophysics,  to  confer with cognizant personnel involved 
in  the "Chicago Cosmic Ray" experiment on board the Pioneer  spacecraf t .  The pur -  
pose was to find out how quantiles can be used  for  data compress ion  on ground l ines  
S O  that the experimenters  can  get back rea l - t ime data f r o m  their experiment.  

PLANS 

During F Y  1968, work will continue on var ious aspec ts  of the theory of epsilon 
entropy, with compression rat ios  for var ious c l a s s e s  of experiments  being found. 
The eigenfunction method of data compression will be studied for  possible use i n  
experiments  similar to the Mar iner  IV magnetometer .  A study of the applicability 

'Numbers in  parentheses  r e f e r  to publications at the end of this work unit. 
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of slope tracking to  TV data compression will be made.  Data compress ion  on the 
Ground Communication Sys tem will be sought, especial ly  fo r  the Chicago Cosmic 
Ray experiment ,  which, because of its many pulse-height ana lyses ,  is  par t icular ly  
amenable to data compression by quantiles. 
estimating bivariate distributions f r o m  quantiles need to  be developed; such a theory 
will allow quantiles to be used  on pulse-height experiments  involving two par t ic le  
detectors  in series.  

TO support  this work,  methods of 

PUBLICATIONS DURING REPORT PERIOD 

A. Symposia 

1. Posne r ,  E.  C . ,  Rodemich, E. R . ,  and Rumsey,  J. , J r . ,  "Epsilon Entropy 
and Data Compression, ' '  presented by E. Rodemich at annual meeting of 
Society of Industrial and Applied Mathematics ,  Washington, D. C. , June 12 -1 5 ,  
1967. 

B. JPL SPS Art ic les  

1. E isenberger ,  I . ,  "Use of Six and Eight Quantiles to Tes t  Hypotheses in  Data- 
Compressed Experiments ,  SPS 37-44, Vol. IV. 

2. E isenberger ,  I . ,  "A Goodness-of-Fit  T e s t  Using Six and Eight Quantiles," 
SPS 37-35, VOl. IV.  

ANTICIPATED PUBLICATIONS 

C. Open Li te ra ture  

1. P o s n e r ,  E. C . ,  Rodemich, E. R . ,  and Rumsey,  H. , J r . ,  "Epsilon Entropy 
of Stochastic P r o c e s s e s , "  to appear  in Ann. Math. Stat. , September  1967. 

P o s n e r ,  E. C . ,  Rodemich, E. R . ,  and Rumsey,  H . ,  J r . ,  ' 'Epsilon Entropy 
of Gaussian Processes , I l  to be submitted to Ann. Math. Stat. 

2. 

D. JPL Technical Reports 

1. Eisenberger ,  I. , Tests  of Hypotheses Using Six and Eight Quantiles, 
submitted for  JPL Technical Report. 
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S TANDARD TELEME TR Y SYSTEM ENGINEERING 
NASA W o r k  Unit 150-22-17-09-55 

A. Couvillon 
JPL 350-70900-0-3340 

OBJECTIVE 

The continuing objective of this work  unit  is to coordinate and gather together 
other  R e s e a r c h  Advanced Development efforts i n  the a r e a  of te lemet ry  data handling, 
modulation and coding, and s torage ,  with the intent of organizing such r e su l t s  into a 
"standard" o r  relatively mission-independent s e t  of t e l eme t ry  components and tech-  
nique s . 
PROGRESS 

This  work unit  is to be terminated i n  June 1967, because its objectives have 
been integrated into those of other  work units. F o r  example,  the s e a r c h  for  a 
mis sion-independent te lemet ry  modulation s y s  t e m  has  apparently been sat isf ied by 
development of the Multi-Mission Telemetry Sys tem (MMTS), the f i r s t  u s e r  of which 
will be Mar ine r  M a r s  1969. Mar iner  69 will a l so  use  a coded high-rate te lemet ry  
channel,  the development of which wi l l  r equi re  the "coordination and gathering 
together" of coding-related work units. 
plished on other  work uni ts ,  so  that the need for  NASA W o r k  Unit 150-22-17-09 no 
longer  exis ts .  

Such s y s t e m  engineering will be accom-  

PUBLICATIONS DURING REPORT PERIOD 

None. 

ANTICIPATED PUBLICATIONS 

None. 
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